Surface crystallography with low-energy electron diffraction (LEED) is shown to be developing fast towards solving more complex and diverse kinds of surfaces. This progress is exemplified here with solved structures in three very diverse categories: 1) metal surface reconstructions with multi-layer relaxations: 2) coadsorption of different molecules on metal surfaces: and 3) incommensurate overlayers of graphite on Pt(111).
1, Introduction
Surface structures have been analyzed by low-energy electron diffraction (LEED) for over 15 years [1] . Perhaps 200 structures have been determined by now with this technique. A number of other techniques of surface crystallography have contributed some 50 structures (which in part overlap with the 200 LEED structures). These numbers only count "complete" structural determinations in the sense that the three coordinates of the atoms are known. A recent database, called "Surface Crystallographic Information Service", brings these structures together in a single format [2] .
The current trend in LEED is towards more complicated surface structures. Structures with larger two-dimensional unit cells and larger numbers of atoms in each unit cell are being investigated. In addition, surface crystallography by LEED is moving in the direction of disordered structures and incommensurate structures. An imminent advance is also the investigation of stepped surfaces with wide terraces. These developments have been made possible by a number of new techniques introduced in LEED theory in recent years. Their 1 contribution has been to drastically reduce the computational cost that otherwise arises for complex structures. This is achieved by carefully selecting the dominant multiple-scattering paths and ignoring others. A review of these developments can be found in the literature [3] .
In this paper, we shall review a few of the recently determined surface structures. Three categories of structures will be selected to illustrate the diversity of the LEED method. First, a few clean metal surface reconstructions will be discussed, focusing on the missing-row reconstructions of the Ir. Pt and Au(110)-(1x2) surfaces. Here, many structural parameters need to be determined down to several atomic layers below the surface. Then, coadsorption of different molecules on a metal substrate will be presented. This will illustrate complex overlayers with large unit cells and many atoms per unit cell. Finally, an incommensurate structure will be reported: that of graphite formed on Pt(111).
Surface reconstructions: fcc (110)- (1x2) For many years it has been suspected that the (1x2) reconstruction observed on Ir. Pt and Au(110) surfaces could be of the "missing-row" type, which is illustrated in Figure 1 .
An early LEED analysis [4] confirmed this model for Ir. but similar analyses of Pt [5] and
Au (110) Table 1 .
Coadsorption of molecules on metal surfaces
A number of different molecules (and one type of atom) were coadsorbed on the (111) faces of Rh. Pt and Pd: they are CO. NO. C 2 1-1 2 , C 2 1-1 3 , C6 H 6 and Na [121. The ethylidyne, C2 1-1 3 . is obtained from hydrogenation of acetylene. C 2 1-1 2 . or from dehydrogenation of ethylene.
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An unexpected trend emerged regarding which pairs of these adsorbates form long-range ordered structures. Let us split these adsorbates in two groups: C0 and NO, on the one hand, which we shall call electron acceptors, and C 2 H 2 . C2 H 3 . C6 1-1 6 and Na on the other hand, which we shall call electron donors. Figure 2 illustrates the case of benzene coadsorbed with CO on Pd(111) [13] . while Figure 3 shows NO and ethylidyne coadsorbed on Rh(111) [141.
Graphite on Pt (111) Graphite is easily formed on many metal surfaces by thermal decomposition of hydrocarbons. It is also easily recognized by its characteristic LEED pattern. However, little is known about the actual bonding geometry of such graphite layers on the metal substrate.
Only their two-dimensional lattice constant is easily obtained and it is found to be generally incommensurate with the substrate lattice constant.
A LEED theory has been developed for this situation, while LEED intensities were measured for graphite on Pt (111) The only major remaining barrier to structural determination of complex surfaces is the issue of how to search through the high-dimensional structural parameter space for the correct solution. This is the same issue facing x-ray crystallography. There are no universal mathematical methods that are effective at finding the correct structural solution in a unique 3 and reliable manner in a high-dimensional parameter space.
On the experimental side, automated data acquisition systems are already available to handle the demand for larger data bases to solve more complex structures. Diffuse intensities due to disordered surfaces can also be measured, either with a video camera [20] or. better, with a position-sensitive detector [21] .
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